In order to improve the production efficiency of maize in Henan, China, the HP (High-Pass) filter method is used to obtain the maize trend yield. Secondly, the Malmquist index method is used to analyze the changes of TFP (Total Factor Productivity) of maize in 18 cities in Henan Province in the past 11 years. Finally, the amount of slack in maize input and output is analyzed. The results show that the research and development level of advanced technology of maize production in Henan Province has been improved to some extent in recent years; the advanced technology in various regions has not been fully promoted and utilized; there is a certain degree of relaxation in the input of various elements of maize; the resource allocation is unreasonable, and there is a certain amount of space for saving.
while the planting area of maize in 2012 is 3100 thousand hectares, and by 2016 it had increased to 3316.86 thousand hectares. The input of other controllable elements is also in the state of growth; the input gradually increases and the output decreases, which indicates that the production efficiency of maize in Henan Province is low, so it is necessary to adjust the input of production factors to increase the yield of maize.
Data Envelopment Analysis (DEA), Malmquist Index Method, Stochastic
Frontier Analysis (SFA), and DEA-Tobit models are widely used in productivity studies in the agricultural sector. Many scholars have studied the production efficiency of maize, and most scholars' research mainly concentrates on the above methods to study the maize production efficiency in the country or in some provinces and cities, mainly the following parts.
For the study of maize production efficiency in China: Yang Guoqing et al. [1] used the Malmquist index analysis method in DEA to analyze the growth of maize production efficiency in China's main maize producing areas from the perspective of time gradient and regional difference. Yan Yijun et al. [2] used the stochastic frontier analysis (SFA) method to calculate the maize production efficiency in 20 provinces and regions of China, and analyzed the output elasticity of each input factor. Wang Jun et al. [3] analyzed the total factor productivity of maize production in China's core producing areas from 2001 to 2008 using Stochastic Frontier Analysis (SFA) method. Liu Nian et al. [4] used the DEA-Malmquist index method to measure the total factor productivity (TFP) of China's maize from 2002 to 2013. Based on DEA model, Malmquist index method and ESDA analysis method, Zhang Lina et al. [5] analyzed the temporal and spatial characteristics of the change of comprehensive technical efficiency and total factor productivity of maize production in 20 major maize provinces (regions) of China from 2005 to 2015.
Studies on maize production efficiency in individual provinces and cities: Huang Yong [6] decomposed the Malmquist index and analyzed the internal driving force of agricultural total factor productivity growth in Hubei Province.
Wang Zhidan et al. [7] used DEA-Malmquist index method to analyze the total factor productivity (TFP) of maize and its composition change in Xinmin City, Shenyang, Liaoning Province from 2013 to 2014 from the overall situation, different regions and different scale levels and analyzed the investment optimization direction of maize production factors. Jiang Yubo et al. [8] took the modern agricultural machinery cooperative in the core maize producing area of Heilongjiang Province as the research object and used the data envelopment analysis to analyze the influencing factors of the typical samples production efficiency. Using the method of data envelopment analysis, Jiang Xiusheng et al. [9] analyzed the technical efficiency of spring maize production in five main spring maize production areas in North China from 2006 to 2014. Yang Chun et al. [10] used DEA to analyze the production efficiency and inpu-output slack of Shanxi maize from 1978 to 2011. Chen Suqiong et al. [11] analyzed the technical efficiency of maize production of different types of labor transfer farmers in Liaoning Prov-Journal of Agricultural Chemistry and Environment ince. The results showed that there is no significant difference in the technical efficiency of maize production among different types of labor transfer farmers. Taking the three counties of Ganzhou, Linze and Gaotai in Zhangye City as examples, the DEA-Tobit model is used to analyze the production efficiency and influencing factors of different types of farmers field maize [12] . On the basis of using DEA to measure the production efficiency, Yang Xiao et al. improved the simulation of redundant input elements based on the calculation results. On the basis of using DEA to measure the production efficiency, Yang Xiao et al. [13] improved the redundant input elements based on the calculation results. Qian Jinxia [14] used maize per unit yield and meteorological data from 39 counties (cities) in Shanxi Province from 1991 to 2000 to analyze the regional distribution characteristics of maize climate resource utilization efficiency and maize climate resource utilization efficiency in Shanxi Province. Liu Xiaoying et al. [15] studied the utilization efficiency of light and heat resources of winter wheat and summer maize in northern Henan. Wang Xueqiu [16] used correlation analysis to analyze the relationship between the scale of maize management and production efficiency in Jilin Province.
The above scholars have used the actual production as the output index of maize, and the actual production of maize is affected by other factors, the actual yield could not be used as the exact output corresponding to the input of each element of maize. The analysis using actual production does not accurately reflect maize production efficiency. In this paper, the HP filter method is used to process the yield data of maize, and the trend yield is obtained as the output in- 
Theory and Method

DEA-Malmquist Index Method
Data Envelopment Analysis (DEA) is first proposed by A.Charnes and W. W.
Cooper [17] ciency changes of production decision-making units in different periods to find the root cause of total factor productivity change [18] . Fareetal (1994) defined an output-based Malmquist productivity index [19] , which uses panel data to decompose total factor productivity into two parts: technical efficiency change (effch) and technological progress (techch). The technological progress index reflects the "frontier movement effect" from the period t to the t + 1, and the technical efficiency change under the Constant Return Scale (CRS) can be further decomposed into pure technical efficiency changes (pech) and scale efficiency (sech) changes under variable-scale compensation (VRS). The Malmquist exponent calculation formula based on DEA can be expressed as follows: 
Among them, ( )
> , that is, TFP > 1, indicates that the total factor productivity is in the growth stage, and the resource allocation efficiency of maize is improved.
( )
dicates that the total factor productivity is in the declining stage, and the resource allocation efficiency of maize is decreased. The change of technical efficiency is used to measure the ratio of the actual output to the theoretical maximum output under the same input condition or the ratio of the actual input to the theoretical maximum input under the same output condition, effch > 1, which indicates that the decision making unit is close to the technical frontier. Technological progress reflects the fact that during the implementation of the policy, through technological transformation or other means to achieve the same amount of output to reduce input or the same amount of input to improve output, pech > 1, indicating that the decision-making unit has technological progress or innovation.
HP Filter Method
The HP filtering method is a decomposition method of time series in state space. 
In the formula, λ is the HP filter parameter. When 0 λ = , the minimized solution of the function is { } t y sequence. With the increase of λ value, the trend of minimum solution estimation is smoother. The general experience of λ is as follows:
annual data 1600, quarterly data 14400, monthly data
Data Collection
According to the scientificity, comprehensiveness and availability of data and the accuracy and rigor of data calculation, this paper selects the trend yield of maize per unit area (kg/ha), the number of people engaged in maize production (10,000 people), the effective irrigation area of maize (1000 ha), the sowing area of maize (1000 ha), the corn fertilizer application (ton), and the total power of maize machinery (10,000 kilowatts) in Henan Province from 2006 to 2016, data obtained from the Henan Provincial Bureau of Statistics [21] . The yield per unit area of maize in Henan Province is shown in Table 1 . The trend yield of maize per unit area is taken as the output index; the number of people engaged in maize production, the effective irrigation area of maize, the sowing area of maize, the amount of corn fertilizer applied, and the total mechanical power of maize are taken as input indexes. The input-output index system of maize production efficiency is constructed, and the efficiency is analyzed by DEA-Malmquist exponent method.
Efficiency Analysis
Time Dimensional Analysis
Using DEAP2.1 software to calculate the overall situation of maize production efficiency during the period of 2006-2016 in Henan Province is shown in Table   2 .
Observing Table 2 (2008) (2009) (2011) (2012) , indicating that the input and output of these years are in the best allocation, and all resources have been fully utilized. The comprehensive technical efficiency change index of the remaining years is less than 1, especially in 2015-2016, the comprehensive technical efficiency change index is 0.915, which is the lowest level in the study period, and the allocation efficiency of input and output is the lowest during the study period.
From 2006 to 2016, the average value of technological progress in the studied cities is 0.997 (less than 1), and the technological progress of these years in 2006-2007, 2010-2011, 2014-2015, 2015-2016 is greater than 1, and is in a state of technological progress, and the progress is relatively large, 3.5%, 2.5%, 2.6% and 7.4%, while the technical progress changes of the remaining years are less than 1, indicating that these annual technologies have not improved.
The period of corn production pure technical efficiency change index greater than 1 is only in 2008-2009, and only the annual technology use efficiency is rising. The change in pure technical efficiency in 2013-2014 (0.996) basically tended to be 1, indicating that the efficiency of technology use in this year is basically the same as the previous year. The pure technical efficiency changes for the remaining years are all less than 1, indicating that the efficiency of technology use in these years has decreased from the previous year.
The average of maize production scale efficiency change in Henan Province is 0.994, and the scale efficiency change value of four time periods is greater than 1, than the average level, showing a positive growth, while Anyang (0.968) is basically the same as the average (0.967). Nanyang City (0.920) is well below the average level, and the rest of the cities are slightly below the average level. Total factor productivity is less than 1, indicating a negative growth.
In terms of technical efficiency, Hebi (1.001) is more than 1, Jiyuan is 1. The maize planting technical efficiency in these cities is relatively effective, the resources are fully utilized, the input and output are in the best allocation state. Among the 18 cities studied, 6 cities have scale efficiency values greater than 1.
These cities have diminishing returns on scale, which should reduce the input of factors and avoid unnecessary waste to achieve the optimal scale. The scale efficiency value of Jiyuan is 1, which is in the optimal scale, while the remaining cities have a scale efficiency value of less than 1, in the case of increasing returns to scale, the input of factors should be increased to achieve optimal scale.
The pure technical efficiency of Hebi, Jiaozuo and Jiyuan is 1. The maize planting is in a technically effective state, and there is no input and output slack.
The pure technical efficiency of the other areas is not equal to 1, indicating that the maize planting in these areas is in a technically inefficient state. There are different degrees of input and output irrational, and the input and output should be adjusted based on the effectiveness of DEA to achieve technical effectiveness.
Input and Output Relaxation Analysis
Analysis of Maize Production Output
If 
Analysis of Maize Production Factors Input
In addition, there are some relaxations in the input factors of maize in Henan
Province. If the technical efficiency is optimized while maintaining the same output, the input of factors can be saved to a certain extent.
Input of the number of maize producers
In 2006, the number of slack people engaged in maize production in Henan
Province is 257170, but by 2016 it had fallen to 161640. This shows that the phenomenon of surplus labor input in Henan Province has been effectively alleviated, mainly because of the progress of science and technology, and the improvement of the mechanization level of maize production, which led to the accumulation of labor to the secondary and tertiary industries, thus reducing the slack in the production labor of maize. This is consistent with the research by Zhang Lina et al. [5] .
Input of effective irrigation area and sowing area From 2006 to 2016, the relaxation of various inputs in Henan Province is in an optimized state, mainly due to the advancement of science and technology, which resulted in a certain cost savings for maize production in Henan Province. It is of great significance to increase the enthusiasm of farmers to grow grain and ensure national food security.
Conclusion
In this paper, considering the effect of other factors on maize yield, the HP filter method is used to deal with the actual yield of maize, and the trend yield corresponding to the input of maize is obtained. The DEA Malmquist index method is used to analyze the efficiency of maize production in 18 cities of Henan Province from 2006 to 2016. The results show that: From the time dimension, the comprehensive technical efficiency change, the technological progress change, the pure technical efficiency change, the scale efficiency change and the total factor productivity change have not improved. From the perspective of spatial dimension, the total factor productivity of maize in all cities is less than 1, which is in the declining stage, showing negative growth, mainly because the production technology of each area is not reasonable and fully utilized. There is a certain degree of relaxation in the input and output of maize production factors, but the relaxation of input in 2016 is better than that in 2006, mainly due to the advancement of technology and the improvement of mechanization level. Strengthen the research and development and promotion of advanced agricultural technology, rationally adjust the allocation of production factors, improve the production efficiency of maize in Henan Province through technological progress and efficiency improvement, and ensure the food security of the country.
